This was the first molecular study of the bacterial flora of the sheep scab mite (Psoroptes ovis). A sequence analysis of genes coding for 16S rRNA revealed that Serratia marcescens and bacteria closely related to Staphylococcus intermedius or Staphylococcus chromogens and Alloiococcus otitidis were present. These bacteria were associated with skin lesions, dermatitis, and otitis media caused by P. ovis.
Sheep scab is an allergic dermatitis that forms in response to the presence of the mite Psoroptes ovis on the skin of sheep (3, 13) . P. ovis causes intense pruritis, weight loss, and fleece damage in infected animals, and P. ovis infestations can be fatal if they are not treated and thus have great economic impact and welfare importance to the world sheep-farming industry. Recent problems associated with traditional chemical means of mite control have led to an urgent need for new means of control (12) . The digestive system of the mite is a possible target for novel control methods, including vaccines. It has been speculated that gut bacteria may be crucial to the mite as a food source (3, 17) . These bacteria may also be the source of mite antigens (3, 4, 12) . To enable further study of these possibilities, we identified the bacterial flora associated with P. ovis by analyzing the genes coding for 16S rRNA (rDNA).
Isolation of bacterial 16S rDNA. A mixture of male and female P. ovis mites (Cornish strain, medium virulence) at all stages of development was obtained from an in vivo sheep culture at the Veterinary Laboratories Agency, Weybridge, United Kingdom. Approximately 80 mites were surface sterilized (17) and homogenized in 600 l of sterile cell lysis buffer (50 mM Tris [pH 8.0], 10 mM EDTA, 2% sodium dodecyl sulfate), 60 g of proteinase K was added, and the homogenate was incubated overnight at 55°C. Protein was precipitated with 5 M ammonium acetate, and the DNA was precipitated with isopropanol before it was resuspended in 25 l of single-distilled sterile water. Bacterial 16S rDNA was amplified from the extracted genomic DNA by using the following universal bacterial 16S rDNA primers (5a, 15): forward primer 5ЈAGAGT TTGATCMTGGCTCAG3Ј and reverse primer 5ЈAAGGAG GTGATCCANCCRCA3Ј. A PCR was performed with a 50-l reaction mixture containing 1 l (10 ng) of DNA extract as the template, each primer at a concentration of 0.5 M, 1.5 mM MgCl 2 , and each deoxynucleoside triphosphate at a concentration of 50 M, as well as 1 U of Gibco Taq polymerase and buffer used as recommended by the manufacturer. After the initial denaturation for 4.5 min at 95°C, there were 40 cycles consisting of denaturation at 95°C for 1 min, annealing at 55°C for 1 min, and extension at 72°C for 2 min and then a final extension step consisting of 5 min at 72°C; a Progene thermal cycler (Techne) was used. The amplified 1,500-bp product was purified from the gel slice by using a Sephaglass band prep kit (Pharmacia Biotech) and was ligated into PGEMT (Stratagene). PCR products obtained from 100 randomly selected clones by using M13 forward and reverse primers were digested with HAE3 and MSP1 (as recommended by the manufacturer), and this analysis resulted in 15 separate restriction fragment length polymorphism groups.
Nucleotide sequencing, alignment, and phylogeny. Qiagenpurified plasmids were sequenced by MWG Biotech (Ebersberg, Germany) and were edited to remove vector and universal 16S rDNA primer sequences. Sequences were preliminarily matched with previously published bacterial 16S rDNA sequences by using BLAST (2) and the similarity rank program of the Ribosomal Database Project (RDP) (16) and were checked for chimeras by using the RDP CHIMERA CHECK program. Five of the 15 nucleotide sequences were rejected as chimeras. The remaining 10 sequences were aligned with the most similar sequences and the sequences of other representative bacterial 16S rDNA regions by using Clustal W (20) , and a phylogenetic analysis was performed by using PHYLIP (DNADIST, NEIGHBOUR, and SEQBOOT) (7) . Based on the phylogenetic tree ( Fig. 1) , we identified three groups of bacteria in P. ovis; both gram-positive and gram-negative bacteria were present. Sequences PG16, PG04, PG30, PG03, PG36, and PG21 clustered with the gram-negative bacteria belonging to the genus Serratia (specifically, Serratia marcescens), which was consistent with the high levels of similarity to the previously published sequences of S. marcescens (BLAST level of similarity, 99%; RDP levels of similarity, 92 to 94%). One of the gram-positive bacterial sequences, PG24, clustered with the staphylococci close to Staphylococcus intermedius (RDP level of similarity, 93.3%) or Staphylococcus chromogens (BLAST level of similarity, 98%). Sequences PG01, PG34, and PG02 all clustered with Alloiococcus otitidis but exhibited low levels of similarity to previously published sequences for this species (BLAST levels of similarity, 86 to 87%; RDP levels of similarity, 81 to 82%). It is possible that the sequences of the alloiococci and staphylococci may represent as-yet-undescribed species of bacteria. The presence of S. marcescens is consistent with the results of a previous study (17) in which this bacterium was isolated by culturing P. ovis homogenates and feces. Transmission electron microscopic evidence suggested that the majority of bacteria associated with the mites were present in the intestinal tract (17) . S. marcescens is a common colonizer of the midguts of a variety of arthropods (14) and is an opportunistic infectious agent of wounds (6, 10, 19) . The presence of staphylococci is consistent with sheep scab as these bacteria are ubiquitous and have been associated with Psoroptes cuniculi and otitis media in rabbit ear infections (5) . Staphylococci are also associated with the mange mites that cause cutaneous infections in cattle (8, 9) and with the Sarcoptes mites that cause acute and subacute dermatitis in pigs (11) . Our identification of sequences that are closely related to A. otitidis sequences is unusual and especially interesting. A. otitidis, which was formerly named A. otitis (21) , is normally associated with acute otitis media in human ears (1) . The presence of this bacterium is of considerable interest as P. cuniculi also causes otitic conditions in rabbits (5) . Also, when P. cuniculi is present in sheep ears, it is believed to be a cryptic form of P. ovis (3, 18) . Our discovery of a bacterial sequence related to the A. otitidis sequence in a mite which does not live in vertebrate ears prompted us to speculate that mites may be the source of A. otitidis-like infections and possibly other organisms in otitic infections. This possibility should be studied further.
In summary, we describe the presence in P. ovis of sequences resembling 16S rDNA sequences of bacteria that are related to allergic conditions, such as dermatitis and otitis media (Staphylococcus spp. and A. otitidis), and also of bacteria which are known to colonize wounds in vertebrates and invertebrate guts (Serratia spp.). Our results confirmed the results of a previous bacterial study of P. ovis in which the authors proposed that more than one strain of S. marcescens was present in P. ovis and that there were also other, unidentified bacterial species (cocci) present (17) . Whether the bacteria that have been described are initially associated with the mite and play a part in lesion formation in diseased sheep or whether they are primarily associated with the lesions and are only subsequently ingested by the mite is an intriguing but open question. By using the data gathered in this study it is now possible to address these hypotheses.
Nucleotide sequence accession numbers. Nonchimeral sequences were deposited in the GenBank database under the following accession numbers: Pg01, AF124033; Pg02, AF124034; Pg03, AF124035; Pg04, AF124036; Pg16, AF124037; Pg21, AF124038; Pg24, AF124039; Pg30, AF124040; Pg34, AF124041; and Pg36, AF124042.
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